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We study the photoproduction of the 12ΛB hypernucleus within a fully covariant effective Lagrangian
based model, employing Λ bound state spinors derived from the latest quark–meson coupling model.
The kaon production vertex is described via creation, propagation and decay of N∗(1650), N∗(1710), and
N∗(1720) intermediate baryonic resonant states in the initial collision of the photon with a target proton
in the incident channel. The parameters of the resonance vertices are ﬁxed by describing the total and
differential cross section data on the elementary γ p → ΛK+ reaction in the energy regime relevant to
the hypernuclear production. It is found that the hypernuclear production cross sections calculated with
the quark model based hyperon bound state spinors differ signiﬁcantly from those obtained with the
phenomenological Dirac single particle wave functions.
© 2009 Elsevier B.V. Open access under CC BY license. Electromagnetic probes provide a very powerful tool for study-
ing the Λ hypernuclei. In contrast to the hadronic reactions
[(K−,π−) and (π+, K+)], a proton in the target nucleus is con-
verted into a Λ hyperon in both (γ , K+) and (e, e′K+) reactions,
thus forming a neutron-rich hypernucleus. This leads to the for-
mation of mirror hypernuclear systems which can facilitate the
study of the charge symmetry breaking with strangeness degrees
of freedom (see, e.g., [1–4]). Although in the electromagnetic re-
actions the momentum transfer to the nucleus is comparable to
that of the (π+, K+) reaction, they carry, in addition, signiﬁcant
spin-ﬂip amplitudes due to the absorption of the photon spin and
the forward angle domination of the cross sections. Furthermore,
while the hadronic hypernuclear production reactions are conﬁned
mostly to the nuclear surface because of strong absorption of both
K− and π± , the electromagnetic reactions occur deep inside the
nucleus because of the weaker nuclear interactions of both photon
and K+ . This makes them an ideal tool for studying deeply bound
hypernuclear states.
Recently, Jefferson Laboratory (JLab) has started a systematic
study of the high-resolution hypernuclear production reactions on
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Open access under CC BY license. p-shell target nuclei (9Be, 12C and 16O) using continuous electron
beams [5–8]. The quality and high resolution (∼ 400 keV) of the
electron beam in these experiments make it possible to identify
hyperon single particle states more clearly and to untangle the
core excited states for the ﬁrst time. While, the ﬁrst measurements
of hypernuclear production with real photons [(γ , K+) reaction]
on a nuclear target (12C) were reported long ago [9], interest in
this ﬁeld has been revived with the possibility of performing more
such measurements at accelerators MAMI-C in Mainz, and ELSA in
BONN (see, e.g. [10]).
Several theoretical studies of photoproduction of hypernuclei
have been reported [12–17]. They all use the framework of the
impulse approximation, where the hypernuclear production am-
plitudes are calculated by determining expectation values of the
operator for the elementary p(γ , K+)Λ process. This operator is
constructed either by using the Feynman diagrammatic approach
including graphs corresponding to Born terms and resonance terms
in s and u channels [12,13,17,18], or phenomenologically by param-
eterizing the experimental cross sections for the elementary pro-
cess [15,16]. Except for Ref. [14], where Dirac spinors were used to
describe the initial and ﬁnal bound state wave functions, nonrela-
tivistic models have been employed to obtain these wave functions
in all of these investigations.
On the other hand, in Ref. [19] a fully covariant model was
employed to calculate the cross sections of the 16O(γ , K+)16ΛN re-
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interaction vertices and treats the baryons as Dirac particles (see
also Ref. [20]). The initial state interaction of the incoming pho-
ton with a bound proton leads to excitations of N∗(1650) [ 12
−
],
N∗(1710)[ 12
+
], and N∗(1720) [ 32
+
] resonance intermediate states,
which have been shown to make the predominant contributions
to the p(γ , K+)Λ cross section [11]. In this model calculations are
performed in momentum space throughout, hence it includes all
the nonlocalities in the production amplitudes that arise from the
resonance propagators.
However, the procedure of obtaining the bound state spinors
in the previous application of this model brings in some uncer-
tainty in the calculated hypernuclear production cross sections. In
Ref. [19] the bound state spinors were computed in the coordinate
space by solving the Dirac equation with scalar and vector ﬁelds
having a Woods–Saxon radial form. With a set of radius and dif-
fuseness parameters, the depths of these ﬁelds are searched so as
to reproduce the binding energy (BE) of the given state. Because
the experimental BEs of the hypernuclear states often involve am-
biguities, the extracted potential depths also become ambiguous.
Besides, the depths of the potential ﬁelds are dependent on the
adopted radius and diffuseness parameters and there is no certain
way of ﬁxing them. Furthermore, both vector and scalar ﬁelds are
assumed to have the same geometry.
In this Letter, we explore the feasibility of studying the photo-
production of hypernuclei within the relativistic model of Ref. [19]
but employing hyperon bound state spinors calculated within the
quark–meson coupling (QMC) model. This provides an opportunity
to investigate the role of the quark degrees of freedom in the hy-
pernuclear production, which is a novel feature of this study. Since
photoproduction of hypernuclei involves large momentum trans-
fers [21] to the target nucleus, it appears to be a good case for
examining such short distance effects.
In the QMC model [22–25], quarks in the non-overlapping bags
(modeled using MIT bag), interact self consistently with isoscalar–
scalar (σ ) and isoscalar–vector (ω) mesons in the mean ﬁeld ap-
proximation. The explicit treatment of the nucleon internal struc-
ture represents an important departure from quantum hadro-
dynamics (QHD) model [26]. The self-consistent response of the
bound quarks to the mean σ ﬁeld leads to a new saturation mech-
anism for nuclear matter [22]. The QMC model has been used to
study the properties of ﬁnite nuclei [27], the binding of ω, η, η′
and D nuclei [28–31] and also the effect of the medium on K±
and J/Ψ production [32].
The most recent development of the quark–meson coupling
model is the inclusion of the self-consistent effect of the mean
scalar ﬁeld on the familiar one-gluon exchange hyperﬁne interac-
tion that in free space leads to the N–	 and Σ–Λ mass splitting
[33]. With this [34] the QMC model has been able to explain the
properties of Λ hypernuclei for the s-states rather well, while the
p- and d-states tend to underbind. It also leads to a very natural
explanation of the small spin–orbit force in Λ–nucleus interaction.
In this exploratory work, the bound Λ spinors are generated from
this version of the QMC model and are used to calculate the cross
sections of the 12C(γ , K+)12ΛB reaction.
We ﬁx the parameters of the resonance vertices by describing
the data on total and differential cross sections of the elemen-
tary γ p → K+Λ process in the relevant photon energy regime
within a similar effective Lagrangian approach. This is in contrast
to the calculations presented in Ref. [19] where they were taken
from previous studies of photon and hadron induced associated
K+Λ production reactions [11,35,36]. Thus the resonance parame-
ters used in the present study are better constrained.
A preliminary experimental investigation of the (γ , K+) reac-
tion on 12C was reported already in 1995 [9]. Recently, the 12ΛBFig. 1. Representation of the type of Feynman diagrams included in our calculations.
The elliptic shaded area represents the optical model interactions in the outgoing
channel.
hypernucleus has been produced at JLab via the (e, e′K+) reac-
tion with a very high energy resolution [5,7]. In this experiment,
apart from observing hypernuclear excitations where a proton is
replaced (leaving 11B in the 3/2− ground state) by a Λ in s and
p shells, one also sees identiﬁable strength in the region which
corresponds to the excitation of the 11B core. This underlines the
need of using a more microscopic hypernuclear structure model
in describing the excitation of hypernuclear spectra in electromag-
netic reactions. Our work is a ﬁrst step in this direction where
we examine the differences between the hypernuclear photopro-
duction cross sections obtained with a microscopic hypernuclear
structure model and a phenomenological model. We restrict our-
selves to photon energies below 1.5 GeV as this is the relevant
energy regime for the experiment performed already with real
photons [9]. Moreover, it has been shown in previous studies [14,
16,19] that hypernuclear photoproduction cross sections on light
targets peak around 0.95–1.0 GeV and drop off thereafter.
As in the previous study [19], we have used the graph of the
type shown in Fig. 1(b) to describe the hypernuclear production re-
action A(γ , K+)ΛB. The elementary γ p → K+Λ process involved
in this diagram is shown in Fig. 1(a). It is clear that our model has
only s-channel resonance contributions. In principle, Born terms
and resonance contributions in u- and t-channels should also be
included in the description of both the processes. These graphs
constitute the non-resonant background contributions. It should
be noted that their magnitudes depend on the particular model
used to calculate them and also on the parameters used within
that model [37,38]. Except for photon energies close to threshold,
these terms have been shown to make non-negligible contribu-
tions in the models of Refs. [11,37]. On the other hand, in Ref. [17]
they have been found to be insigniﬁcant in both elementary as
well as in-medium photon induced reactions for beam energies be-
low 1.5 GeV. We have ignored these diagrams in this exploratory
work to keep our production model simple and similar to that of
Ref. [19]. Furthermore, we reduce the computational complications
further by using plane waves (PW) to describe the relative motion
of the outgoing particle which is justiﬁed by the relatively weaker
kaon–nucleus interaction in the ﬁnal channel.
All the ingredients (effective Lagrangians, resonance propaga-
tors, etc.) required in calculations of the amplitudes associated
with diagrams 1(a) and 1(b) are described in Refs. [19,20]. The cou-
pling constants for the N∗Nγ (g1,2pγ ) and N∗K+Λ (gKΛ) vertices
used in the present study (shown in Table 1) have been deter-
mined by comparing our calculations [graph 1(a)] with the total
and differential cross section data for the elementary γ p → ΛK+
reaction in the relevant photon energy region. In Figs. 2(a) and
(b) we have shown the comparison of our results with the experi-
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compared with the data from [39] (solid circles) and [40] (open squares).Table 1
Resonances included in the calculations and their coupling constants.
Resonance mass (GeV) width (GeV) g1pγ g
2
pγ gKΛ
N∗(1650) 1.650 0.165 −0.45 0.96
N∗(1710) 1.710 0.180 0.25 −6.10
N∗(1720) 1.720 0.200 −0.75 0.25 0.07
mental data. While in Fig. 2(b) we have shown the data from both
SAPHIR [39] and CLAS [40] Collaborations, only SAPHIR data are
shown in Fig. 2(a) as the CLAS total cross sections are somewhat
uncertain due to absence of complete angular coverage. As was
noted before [40], in the energy range of our interest the CLAS
and SAPHIR data agree with each other fairly well. Nevertheless,
the CLAS data have much less statistical uncertainties. We see that
calculated cross sections are in close agreement with the data in
the considered photon energy regime.
We further note that within our model N∗(1650) resonance
makes the dominant contribution to the total cross section at
lower photon energies, while N∗(1710) is more important at higher
energies. The contribution of N∗(1720) is much weaker every-
where. We add however that this result is particular to our sin-
gle channel model. In calculations where more resonances and
the background terms are included, the pattern of relative reso-
nance contributions could be different due to e.g. different kind
of interference effects. Indeed, the N∗(1710) contribution has been
found to be weak in several of the recent models [37,41,42]. In
the unitary coupled channels calculations of Ref. [11] this reso-
nance is suppressed because of the destructive interference with
the background terms. However, since our purpose was to ﬁx the
parameters at the hyperon production vertices in the hypernuclear
production reaction considered in Fig. 2(b), we consider the dia-
gram 1(a) for the elementary reaction to be adequate.
The amplitudes for diagram 1(b) involve momentum space four
component (spin space) Dirac spinors [ψ(p)] for bound nucleon
and hyperon states [43] and the momentum space kaon–nucleuswave function [φ(−)∗K (p′K , pK )] which can be calculated by using
an appropriate K+–nucleus optical potential (see, e.g., Ref. [44]).
Momenta pK and p′K are as deﬁned in Fig. 1(b). In the PW ap-
proximation one writes Φ(−)∗K (p′K , pK ) = δ4(p′K − pK ).
The spinors, ψ(p), are solutions of the Dirac equation in mo-
mentum space for a bound state problem in the presence of an
external potential ﬁeld [20,43]
/pψ(p) =mNψ(p)+ F (p), (1)
where
F (p) = δ(p0 − E)
[∫
d3p′ Vs(−p′)ψ(p+ p′)
− γ0
∫
d3p′ V 0v (−p′)ψ(p+ p′)
]
. (2)
In Eq. (2), the real scalar and timelike vector potentials Vs and V 0v
represent, respectively, the momentum space local Lorentz covari-
ant interaction of single nucleon or Λ with the remaining (A − 1)
nucleons. We denote a four momentum by p = (p0,p). The mag-
nitude of the three momentum p is represented by k, and its
directions by pˆ. p0 is the time like component of p. Spinors ψ(p)
and F (p) are written as
ψ(p) = δ(p0 − E)
( f (k)Ymj
1/2 j(pˆ)
−ig(k)Ymj
′1/2 j(pˆ)
)
,
F (p) = δ(p0 − E)
(
ζ(k)Y
mj
1/2 j(pˆ)
−iζ ′(k)Ymj
′1/2 j(pˆ)
)
, (3)
where f (k) [ζ(k)] is the radial part of the upper component of
the spinor ψ(p) [F (p)]. Similarly g(k) [ζ ′(k)] are the same of their
lower component. f (k) and g(k) represent Fourier transforms of
radial parts of the corresponding coordinate space spinors. ζ(k) are
related to f , g and the scalar and vector potentials as shown in
Ref. [20].
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Depths of the Dirac vector (V v ) and scalar (Vs) ﬁelds for single particle Λ and
nucleon shells. In each case, both ﬁelds have the Woods–Saxon form with similar
radius (r = 0.983 fm) and diffuseness (a = 0.606 fm) parameters. Also shown are
the experimental binding energies for each shell (numbers in the brackets are the
BEs predicted by the QMC model).
State BE (MeV) V v (MeV) Vs (MeV)
12
ΛB(1s1/2) 11.37 (14.93) 171.78 −212.69
12
ΛB(1p3/2) 1.37 (3.62) 204.16 −252.28
12
ΛB(1p1/2) 1.03 (3.62) 227.83 −280.86
12C(1p3/2) 15.96 382.60 −472.34
In Table 2 we show the parameters associated with the scalar
and vector ﬁelds of the phenomenological model for Λ and nu-
cleon bound states, and the corresponding experimental BEs which
are the averages of the values reported by several experimental
studies [5–7,45]. In this table we also give the BEs of the Λ bound
states as predicted by the QMC model.
To calculate the bound state spinors within the QMC model we
have used its latest version, where the calculations for Λ and Ξ
hypernuclei are of comparable quality to earlier QMC results [29].
In addition, without requiring any additional parameter it predicts
no nuclear bound Σ states [34], which is in qualitative agreement
with the experimental observations. This is facilitated by the extra
repulsion associated with the increased one-gluon-exchange hyper-
ﬁne in-medium interaction. We refer to Ref. [34] for more details
of this new version of the QMC.
In order to calculate the properties of ﬁnite hypernuclei, we
construct a simple, relativistic shell model, with the nucleon core
calculated in a combination of self-consistent scalar and vector
mean ﬁelds. The Lagrangian density for a hypernuclear system
in the QMC model is written as a sum of two terms, LHYQMC =
LQMC + LYQMC, where [28],
LQMC = ψN (r)
[
iγ · ∂ − MN (σ )
−
(
gωω(r)+ gρ τ
N
3
2
b(r)+ e
2
(
1+ τ N3
)
A(r)
)
γ0
]
ψN (r)
− 1
2
[(∇σ(r))2 +m2σ σ (r)2]
+ 1
2
[(∇ω(r))2 +m2ωω(r)2]
+ 1
2
[(∇b(r))2 +m2ρb(r)2]+ 12
(∇A(r))2, (4)
LYQMC =
∑
Y=Λ,Σ,Ξ
ψY (r)
[
iγ · ∂ − MY (σ )−
(
gYωω(r)
+ gYρ IY3 b(r)+ eQ Y A(r)
)
γ0
]
ψY (r), (5)
where ψN (r) (ψY (r)) and b(r) are, respectively, the nucleon (hy-
peron) and the ρ meson (the time component in the third direc-
tion of isospin) ﬁelds, while mσ , mω and mρ are the masses of the
σ , ω and ρ mesons. gω and gρ are the ω–N and ρ–N coupling
constants which are related to the corresponding (u,d)-quark–ω,
gqω , and (u,d)-quark–ρ , g
q
ρ , coupling constants as gω = 3gqω and
gρ = gqρ . IY3 and QY are the third component of the hyperon
isospin operator and its electric charge in units of the proton
charge, e, respectively.
The following set of equations of motion are obtained for the
hypernuclear system from the Lagrangian density Eqs. (4), (5):[
iγ · ∂ − MN(σ )
−
(
gωω(r)+ gρ τ
N
3
2
b(r)+ e
2
(
1+ τ N3
)
A(r)
)
γ0
]
ψN (r) = 0, (6)Fig. 3. Scalar (upper panel) and vector (lower panel) potential ﬁelds for 1s1/2 and
1p3/2 Λ states in 12ΛB. The Dirac single particle and QMC model results are shown
by solid and dashed lines, respectively.
[
iγ · ∂ − MY (σ )−
(
gYωω(r)+ gρ IY3 b(r)
+ eQ Y A(r)
)
γ0
]
ψY (r) = 0, (7)(−∇2r +m2σ )σ(r) = gσ CN (σ )ρs(r)+ gYσ CY (σ )ρYs (r), (8)(−∇2r +m2ω)ω(r) = gωρB(r)+ gYωρYB (r), (9)(−∇2r +m2ρ)b(r) = gρ2 ρ3(r)+ gYρ IY3 ρYB (r), (10)(−∇2r )A(r) = eρp(r)+ eQ YρYB (r), (11)
where, ρs(r) (ρYs (r)), ρB(r) (ρYB (r)), ρ3(r) and ρp(r) are the scalar,
baryon, third component of isovector, and proton densities at the
position r in the hypernucleus [28]. On the right-hand side of
Eq. (8), a new, and characteristic feature of QMC appears, aris-
ing from the internal structure of nucleon and hyperon, namely,
gσ CN (σ ) = −[∂MN (σ )/∂σ ] and gYσ CY (σ ) = −[∂MY (σ )/∂σ ] where
gσ ≡ gσ (σ = 0) and gYσ ≡ gYσ (σ = 0). The scalar and vector ﬁelds
as well as the spinors for hyperons and nucleons can be obtained
by solving these coupled equations self-consistently.
In Fig. 3, we compare the scalar and vector ﬁelds as calculated
within the QMC model with those of the phenomenological model
for 1s1/2 and 1p3/2 Λ states. It should be noted that in the QMC
model the scalar and vector ﬁelds are generated by the couplings
of the σ and ω mesons to the quarks. Due to the different masses
of these mesons and their couplings, especially the density depen-
dence of the σN coupling strengths, the scalar and vector ﬁelds
acquire different radial dependence. In contrast to this, the two
ﬁelds have the same radial shapes in the phenomenological model.
We further notice that for the 1s1/2 Λ state the QMC scalar and
vector ﬁelds are larger (smaller) in magnitude than those of the
phenomenological model for r < 2.5 (> 2.5) fm. However, for the
1p3/2 state they are smaller than the phenomenological ones ev-
erywhere.
Fig. 4 shows the moduli of the upper and lower components
of 1s1/2 and 1p3/2 Λ hyperon spinors for the 12ΛB in both coor-
dinate space (upper panel) and momentum space (lower panel).
We see that for the 1s1/2 Λ bound state, the spinors of the QMC
model differ signiﬁcantly from their phenomenological counter-
parts at both r < 2 fm and r > 4 fm. For the 1p3/2 Λ state while
differences between them are quite big for r > 4 fm, this is not
as prominent at smaller radii. On the other hand, in the momen-
tum space the differences in the spinors of the two models are
already quite large for q > 1.0 fm−1 for the 1s1/2 state whereas
for the 1p3/2 state the difference between the two becomes large
for q beyond 2 fm−1. We also note that only for q < 1.0 fm−1, is
the magnitude of the lower component |g(q)| substantially smaller
R. Shyam et al. / Physics Letters B 676 (2009) 51–56 55Fig. 4. Moduli of upper (| f |) and lower (|g|) components of the 1s1/2 and 1p3/2 Λ
orbits in 12ΛB hypernucleus in coordinate space (upper panel) as well as in momen-
tum space (lower panel). | f | and |g| of the phenomenological model are shown by
solid and dashed lines, respectively while those of the QMC model by dashed-dotted
and dotted lines, respectively.
than that of the upper component | f (q)|. In the region of q perti-
nent to the kaon production, |g(q)| may not be negligible. In fact,
it has been shown earlier [14] that the relativistic effects resulting
from the small component of Dirac bound states are large for the
kaon photoproduction reactions on nuclei.
The threshold for the kaon photoproduction on 12C is about
695 MeV. The momentum transfer involved in this reaction at 10◦
kaon angle varies between approximately 2 fm−1 to 1.4 fm−1 in
the photon energy range of 0.7 GeV to 1.2 GeV [21]. In Fig. 5,
we compare the differential cross section obtained by using the
Λ bound state spinors calculated within the QMC and the phe-
nomenological models for the 12C(γ , K+)12ΛB reaction. The hole
state spinor was taken from the phenomenological model in both
cases. The cross sections are shown for photon energies in the
range of 0.7–1.2 GeV corresponding to the outgoing kaon angle
of 10◦ . The hypernuclear states populated are 1− , 2− , and 2+ , 3+
corresponding to the particle–hole conﬁgurations of (1p−p3/2,1sΛ1/2)
and (1p−p3/2,1pΛ3/2), respectively. We see that in each case the QMC
cross sections are smaller than those obtained with phenomeno-
logical hyperon spinors. For the 1− and 2− states (involving s
state Λ spinors), the QMC cross sections are lower because the
corresponding momentum space spinors are smaller than their
phenomenological model counterparts in the relevant momentum
region. For the 2+ and 3+ states, additionally, the QMC poten-
tials are also smaller than the phenomenological ones, which leads
to lower QMC cross sections. In this ﬁgure we further note that
the peaks of the QMC cross sections are somewhat shifted toward
lower photon energies as compared to those of the phenomeno-
logical model. This can be understood from the fact that at lower
photon energies the momentum transfer to the nucleus is rela-
tively larger. In this region the QMC momentum space Λ spinors
are larger as compared to those of the phenomenological model.
We further note that within each group the highest J state is
most strongly excited, which is in line with the results presented
in Refs. [14,19,46]. Furthermore, unnatural parity states within each
group are preferentially excited by this reaction. The unnatural
parity states are excited through the spin ﬂip process. Thus thisFig. 5. Differential cross sections (for the outgoing kaon angle of 10◦) for the
12C(p, K+)12ΛB reaction leading to hypernuclear states as indicated. The solid and
dashed lines show the results of QMC and phenomenological models, respectively.
conﬁrms that kaon photo- and also electro-production reactions
on nuclei are ideal tools for investigating the structure of unnat-
ural parity hypernuclear states. The addition of unnatural parity
states to the spectrum of hypernuclei is expected to constrain the
spin dependent part of the effective Λ–N interaction more tightly.
In summary, we have studied the hypernuclear production by
the (γ , K+) reaction on 12C within a covariant model, using hy-
peron bound state spinors derived from the latest quark–meson
coupling model. This is the ﬁrst time that quark degrees of free-
dom has been explicitly invoked in the description of the hypernu-
clear production. In our model, in the initial collision of the photon
with a target proton, N∗(1710), N∗(1650) and N∗(1720) baryonic
resonances are excited which subsequently propagate and decay
into a Λ hyperon that gets captured in one of the nuclear orbits,
while the other decay product K+ goes out. In contrast to the pre-
vious study within this model [19], we ﬁx the coupling constants
at both the electromagnetic and hadronic resonance vertices by de-
scribing both the total and the differential cross sections of the
elementary γ p → ΛK+ reaction in the relevant region of photon
energies. Thus the input parameters are better constrained in this
study.
We have also performed calculations with bound Λ spinors
obtained by solving the Dirac equation with vector and scalar po-
tential ﬁelds having Woods–Saxon shapes. Their depths are ﬁtted
to the binding energies of the respective states for a given set of
geometry parameters which are taken to be the same for the two
ﬁelds. In contrast to this model, the QMC vector and scalar ﬁelds
have different radial shapes. Furthermore, both shapes and abso-
lute magnitudes of the QMC ﬁelds are different from their Dirac
counterparts. For the cases studied in this Letter, the hypernuclear
production cross sections calculated with the QMC hyperon spinors
and ﬁelds are not only smaller in magnitude but also they peak at
relatively lower photon energies as compared to those obtained
within the phenomenological model.
The distortion effects in the K+ channel have not been included
in this study. However, as shown in Refs. [14,46], these effects are
weak for reactions on p-shell nuclei but they may be more signif-
icant for heavier systems. The cross sections as calculated in this
Letter may be uncertain to the extent of about 10% due to the non-
inclusion of the nucleon intermediate states (Born terms).
Our calculations further conﬁrm that due to the selective exci-
tation of the high spin unnatural parity states, the (γ , K+) reaction
on nuclei is an ideal tool for investigating the spin-ﬂip transi-
tions. Therefore, electromagnetic reactions provide a more com-
plete knowledge of hypernuclear spectra and will impose more
severe constraints on the poorly known spin dependent parts of
56 R. Shyam et al. / Physics Letters B 676 (2009) 51–56the models of the Λ–N interaction. Our model should be extended
to electroproduction of hypernuclei (where the hadronic part re-
mains the same as that discussed in this Letter) so that the role
of the quark degrees of freedom in the Λ bound states can be
checked against the data taken at JLab.
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